Abstract Aim: The aim of the study is to evaluate the relationship between cigarette smoking and periodontal damage in terms of free radicals and antioxidants. Materials and methods: 15 Male patients (non-smokers) with chronic periodontitis (age 25-55) and 15 male patients (smokers) with chronic periodontitis were selected as the experimental group; which is further subdivided as three groups based on the number of cigarettes smoked per day (group I: <10 cigarettes/day, group II: 10-30 cigarettes/day, group III: >30 cigarettes/day). During surgery, samples of blood were collected from test and control subjects and were subjected to the estimation of lipid peroxide, reduced Glutathione, Superoxide dismutase, Catalase and total Thiol. Results: The levels of Lipid peroxide (TBARS), Catalase, and total Thiol in plasma showed a significant increase in smokers than non-smokers in such a way that group III showed maximum level when compared to group I and II. The levels of Superoxide dismutase, and reduced Glutathione (GSH) in plasma showed a reduction in smokers when compared to non-smokers in which the least level was obtained in group III. Conclusion: Based on the results of the present investigation it is concluded that smoking increases the level of free radicals in periodontal tissues, which in turn may be responsible for the destruction seen in periodontal disease.
Introduction
Periodontal diseases are inflammatory disorders that give rise to tissue damage and loss, as a result of complex interactions between pathogenic bacteria and host immune response. 1 The tissue destructive mechanism involves the release of proteolytic enzymes and free oxygen radicals from activated neutrophil. 2 The most important reactive oxygen species implicated in inflammatory injuries to tissues are the hydroxyl (OH) radical, the superoxide anion (O À 2 ), the nitrous oxide (NO À ) radical, hypochlorous acid, hydrogen peroxide and singlet oxygen. 3 Antioxidants are defined as those substances which when present at low concentrations, compared to those of an oxidisable substrate, will significantly delay or inhibit the oxidation of that substrate. 4 In normal physiology there is a dynamic equilibrium between ROS (Reactive Oxygen Species) activity and antioxidant defense capacity. When that equilibrium shifts in favour of ROS, either by a reduction in anti-oxidant defenses or an increase in ROS production results in oxidative stress leading to potential damage. 4 Unbalanced radical and non-radical reactive oxygen species can damage cells by variant mechanisms including the peroxidation of lipid membranes, protein inactivation and introduction of DNA damage, and cytokine induced tissue damage. 5 Smoking exerts a major effect on protective elements of immune response, resulting in an increase in the extent and severity of periodontal destruction. 6 Smoking may have an adverse effect on fibroblast function, chemotaxis and phagocytosis of neutrophils, immunoglobulin, production and induction of peripheral vasoconstriction. 7 Exposure to nicotine increases the secretion of PGE 2 by monocytes, elevated levels of TNF and GCF, elevated levels of neutrophil elastase and matrix metallo proteinase-8. 6 A major exogenous source of free radicals is cigarette smoke which contains two phases of free radicals one in the gas phase and the other in tar. 8 The obligatory use of body reserve of antioxidants to detoxify the excess of free radicals in smoker's results in alteration in the level of different antioxidants. The antioxidant disturbance in smokers may be further enhanced by their lower intake of both supplemental and dietary antioxidants. 8 Cigarette smoke contains free radicals and other oxidants in abundance. In one puff of a cigarette, the gas phase of smoke exposes 15 times free radicals and oxidants than in the tar phase. The direct exposure from cigarette smoke represents only a portion of total oxidative stress and contributes to additional endogenous oxidant formation through effects on inflammatory immune response. 9 In this backdrop, an attempt has been made in the present study to evaluate the relationship between smoking and levels of antioxidants and free radicals in chronic periodontitis patients.
Materials and methods

Patient selection criteria
The study was conducted at Rajah Muthiah Dental college, Annamalai University and patients devoid of any systemic disease and had not received any periodontal treatment or medication for last 6 months were selected. 30 male patients of age group between 25 and 55 years with chronic periodontitis (with probing pocket depth and attachment loss of 5 mm in at least four sites per quadrant) were selected and were catagorised as smokers and Nonsmokers. The control group was nonsmokers comprising 15 patients with chronic periodontitis. Experimental group were smokers with chronic periodontitis and were subdivided into three sub groups based on the number of cigarette consumed per day. They are, Group-I: Five subjects smoking less than 10 cigarettes/day. Group-II: Five subjects smoking 10-30 cigarettes/day Group-III: Five subjects smoking more than 30 cigarettes/ day.
Experimental design
Following phase I therapy, prior to surgery, 3 ml of blood was obtained from patients of control and experimental groups by vein puncture and were collected in pre-heparinised blood collection tubes.
Biochemical analysis
The blood thus obtained was subjected to biochemical tests and the levels of lipid peroxidise, Superoxide dismutase (SOD), catalase, total Thiol group and reduced Glutathione were determined.
Preparation of lysate
The blood was centrifuged at 200g for 20 min at 25°C. The plasma was removed aseptically. The red blood cell pellet was washed three times with sterile saline (0.85 g/100 ml) to ensure complete removal of plasma; leucocytes and platelets. The washed RBC's were haemolyzed by the addition of sterile distilled water (1:5). Then, the lysate was centrifuged at 800g for 15 min at 4°C in order to make the lysate ghost free. The supernatant was used as a source of various antioxidants (enzymatic/non enzymatic).
Estimation of lipid peroxidation in plasma
Lipid peroxidation, was estimated by the method of Yagi et al. as evidenced by the formation of and thio barbituric acid reactive substances.
10 0.5 ml of plasma lysate was added to 4 ml of (0.083N) sulphuric acid and 0.5 ml 10% phosphotungstic acid, mixed well, allowed to stand at room temperature for 5 min and centrifuged, and the supernatant was discarded. 2 ml of sulphuric acid was added to it along with 0.3 ml of 10% phosphotungestic acid, centrifuged for 10 min and the supernatant was discarded. 4 ml of distilled water and 1 ml of thio barbituric acid were added, boiled at 95°for 60 min and after cooling 5 ml of n butanol was added, mixed vigorously and centrifuged at 3000 rpm for 15 min and the colour extract in the butanol layer was read at 530 nm. Tubes containing standard malondialdehyde 1-5 mol were treated in a similar manner along with a blank containing 4.0 ml of distilled water. Lipid peroxide levels were expressed as nmol/ml plasma.
Estimation of superoxide dismutase (SOD)
Superoxide dismutase (SOD) activity was assayed by the method of Kakkar et al. 11 0.5 ml of plasma /heamolysate was added with 0.5 ml of water, 2.5 ml of ethanol and 1.5 mol of chloroform. This mixture (5 ml) is shaken at 4°C and the centrifuged supernatant was taken for analysis .The SOD activity is expressed as nmol/mg protein.
Estimation of catalase
Catalase activity was estimated calorimetrically by the method of Sinha.
12 0.1 ml of plasma/heamolysate was added with 1 ml of phosphate buffer and 0.4 ml of hydrogen peroxide, incu-bated for 90 s and to it added 2 ml of dichromate acetic acid. The mixture was incubated in a boiling water bath for 10 min and then centrifuged at 10,062g for 15 min. The clear supernatant obtained after centrifugation was used for measuring the absorbance at 620 nm using a spectrophotometer.
Estimation of total thiol group
The total thiol level was estimated in plasma by the method of Hu.
13 0.2 ml sample of 10% plasma was mixed with water to make the volume up to 0.5 ml. Two millilitres of 0.3 M Disodium hydrogen phosphate was added to each sample and 0.25 ml of dithio-bis2nitrobenzoic acid (DTNB) reagent was added just before measuring the absorbance at 412 nm. Total thiol groups were calculated using an absorptivity of 13,600/ cm/M.
Estimation of reduced glutathione
Reduced Glutathione was measured in plasma according to the method of Beutler and Kelley.
14 This method was based on the development of yellow colour when dithio-bis-2-nitrobenzoic acid (DTNB) was added to compounds containing the sulfhydryl groups.
Statistical analysis
Levels of lipid peroxide, reduced glutathione, superoxide dismutase, catalase and total thiol in plasma between the control and experimental group were statistically treated with a nonparametric test.
Results
Mean and standard deviation of Plasma Lipid peroxide, Catalase, Superoxide dismutase, Glutathione, total Thiol in nonsmokers and smokers and controls is presented in Table 1 .
The results revealed that the lipid peroxide (TBARS) level in plasma shows an increasing trend from control to test group among the test groups and group III recorded the maximum value. The comparison of control with experimental groups I, II and III, showed P < 0.01 which proves that there is a significant difference. The results showed that the Superoxide dismutase level in plasma shows a decreasing trend from control to experimental groups in such a way that the control group recorded the maximum value. When comparing control with experimental groups I, II and III, P < 0.01 which proves that there is a significant difference. The results revealed that the catalase level in plasma shows an increasing trend from control to experimental groups in such a way that group III recorded the maximum value. When comparing controls with group I, P value is 0.066 (p < 0.01) which reveals no significant difference. In the case of group II and group II when compared with controls, P value is 0.000 (p < 0.01) which reveals a significant difference.
The results revealed that the plasma reduced glutathione level shows a decreasing trend from control to experimental groups in such a way that the control group recorded the maximum value. When comparing control with experimental groups I, II and III, P < 0.01 which proves that there is a significant difference. The results proved that the total thiol level in plasma shows an increasing trend from control to experimental groups in such a way that group III recorded the maximum value. When control is compared with group I, P value is 0.043 (P < 0.01) which reveals no significant difference. In the case of group II and group III, P value is 0.002 and 0.001, respectively (P < 0.01), proves a significant difference.
Discussion
The strongest evidence implicating ROS in periodontal destruction of the connective tissues during periodontal diseases arises in considering PMN infiltration as a key event of host response against bacterial invasion.
14 Free radical scavengers may take in the form of enzymes (superoxide dismutase (SOD), catalase and glutathione peroxide) or low molecular weight free radical scavengers (e.g.,: vitamin E, total thiol, glutathione etc.). 8 In smokers, the obligatory use of reserve antioxidants to detoxify the excess free radicals, results in alteration of the levels of different antioxidants. The antioxidant disturbance in smokers may be further enhanced by lower intake of both supplemental and dietary antioxidants. 8 Several studies emphasised elevated levels of lipid hydroperoxides in gingival tissues and plasma of patients with periodontitis. 16, 15 The present study exhibited an increase in lipid peroxide level, which is more significant in group III that group I and II, when compared to non-smokers because of the increase in number of cigarettes per day will influence an increase in the production of free radicals. This is in accordance with the findings of Bluhm et al. 17 In the present investigation, SOD level was found to be decreased in smokers than nonsmokers which might be due to the inactivation by hydrogenperoxide. Among smokers, group III exhibited more reduction in the SOD level when compared to group I and II which might be due to the increased production of hydrogen peroxide from smoking. Similar results obtained by Bray et al. suggested that free radicals, particularly hydrogen peroxide are generated by the direct interaction between smoke and periodontal tissues that will lead to a significant change in the level of antioxidant enzyme SOD. 18 The present study observed an increase in catalytic activity in smokers than nonsmokers which might be caused by higher levels of hydrogenperoxide formation, which is evidenced in group III than the other two groups. Similar trend was observed in the findings of Hallivell and Gutterdge et al. in which they observed that an initial rate of hydrogen peroxide removal is directly proportional to its concentration. They emphasised that the enzyme catalase comes into action only after an optimum concentration of hydrogen peroxide has been obtained; below which catalase has no role to play. 19 Work done on the status of antioxidants mainly glutathione peroxidase (GP x ) and reduced glutathione in saliva, GCF and serum of chronic periodontitis patients proved that GSH is a scavenger of hydroxyl radicals and singlet oxygen. It functions as a substrate for the hydrogen peroxide removing enzyme, Glutathione peroxidase (GP x ). 20, 21, 15 The present study revealed a reduction of GSH levels in smokers, among which group III exhibited the least level. This might be due to more flux of hydrogen peroxide and hydroxyl radicals influenced by smoking. This is in accordance with the study done by Tribble and Jones . who reported that exposure of tissues to a large flux of hydrogen peroxide and hydroxyl radicals might result in an imbalance of GSH and GSSG (reduced/oxidised GSH) ratio. They stated that GSSG accumulates in tissues and paves the way to the inactivation of various enzymes which lead to lower levels of GSH in smokers. 22 The observation done by Wayner et al. postulated that among smokers, there might be some structural modifications in proteins because of oxidative activity, that results in the exposure of protein linked thiol groups so as to react freely and thus depicts a significantly higher total thiol level. 23 The present study is in favour of the above findings with elevated levels of total thiol in smokers compared to non-smokers. An insignificant increase in total thiol in tissues of group I smokers (smoking <10 cigarettes/day might be due to increased free radical production but in amounts that are scavenged by antioxidants, such that the damage is limited to few protein molecules.
Conclusion
From the above study it is concluded that smoking itself may produce free radicals which will increase the Reactive Oxygen Species (ROS) activity and influence in the increase of levels of lipid peroxide (TBARS), total thiol and catalase. Increase in free radicals may utilise more of antioxidants such as Superoxide dismutase, reduced glutathione (GSH) which may further influence the reduction in the level of these antioxidants in smokers.
